scheduling, the use of cranial irradiation and intrathecal chemotherapy for prophylaxis of CNS relapse, and the use of maintenance treatment. Despite the different strategies, most larger and established groups report more or less similar outcome, as is being summarised in more detail in the next section and in Table 2 . Then, quality of life and late effects become more important when comparing strategies. Unfortunately, such information is largely lacking. Overall, a huge improvement in the prognosis of children and adolescents with AML has been accomplished. This is illustrated in this special issue of Leukemia, which also should serve to suggest and identify possibilities for further improvements.
Concerning the international results presented in this issue of Leukemia, all groups report an improved outcome over time.
Although not always statistically significant, rates of early death and death in CR declined, complete remission rates increased, relapse rates decreased and therefore, event-free survival (EFS) rates increased. Overall survival rates may also have increased because of more and more successful attempts to cure children with relapsed AML. Improvements can at least in part be explained by increased experience with intensive treatment, better facilities for supportive care and better risk-group stratification with subsequent risk-group adapted treatment. Indeed, the actually applied drugs have not changed much. The concept of applying relatively few but very intensive courses of combination chemotherapy in the first months is likely to explain the improved prognosis as well.
Most frequent events still concern relapses, the far majority occurring in the bone marrow. The cumulative risk of relapse among the different study groups usually is around 30-40%. Central nervous system (CNS) relapses, either isolated or combined, occur in 2-9% of patients overall. However, CNS relapses contributed to 6-18% of the total number of relapses. Table 1 Inclusion and exclusion criteria for the core group of pediatric AML patients, being the subject of similar analyses by all participating groups to allow intergroup comparisons
Inclusion criteria
Age Outcome data of the most recently completed and matured studies from major groups, concerning the well-defined core-group of de novo AML patients below 15 years of age (see Table 1 Please note that still the data are not completely comparable for various reasons. CR ¼ complete remission; EFS ¼ event-free survival; OS ¼ overall survival; ara-C ¼ cytosine arabinoside; VP16 ¼ etoposide; SCT ¼stem cell transplantation. Cumulative dose of anthrayclines has been calculated applying the following arbitrary conversion factors to daunorubicin-equivalents: idarubicin 5 Â , mitoxantrone 5 Â , doxorubicin 1 Â . Some groups also applied amsacrine (LAME, UK), which has not been included in calculations of total athracyclines exposure.
Different strategies do not seem to translate in highly different risks for CNS relapse, although formal comparisons are not possible. LAME and POG did not routinely apply intrathecal chemotherapy or cranial irradiation prophylactically in a large proportion of patients, and observed an CNS relapse rate of only 3% in the LAME 91 Study and 7% in the POG 8821 Study, respectively. 9, 12 Risk factors for CNS relapse such as CNS-involvement at initial diagnosis are less clear in AML than in ALL. 15 However, one could argue that efforts are warranted to decrease a cumulative CNS relapse rate of up to 10%, especially keeping in mind the theory that remaining leukemic cells may recede from the CNS to give systemic relapses. The study results presented in this issue and in the literature neither supports or negate cranial irradiation for that purpose since this question has not been addressed in controlled randomised studies (except study AML-BFM 87 with low patient numbers in the randomised groups). However, overall outcome data do not suggest superiority of cranial irradiation, but of course only in the context of the systemic therapy being administered. Similarly, the benefit of maintenance treatment in AML in general, except perhaps for subgroups such as acute promyelocytic leukemia, has not been proven. Two studies randomising with or without maintenance (CCG213 and LAME 91) showed lack of benefit of maintenance treatment and even suggested inferior survival with maintenance. 9, 16 In addition, early deaths (mostly disease-related) and toxic deaths in complete remission are frequent events as well, occurring in 2-10% and in around 5% (higher in case of frequent SCT) of patients, respectively. Several groups reported a decrease in toxic death rate without changing therapy or even with more intensive therapy. Also, the less favorable prognosis in less-privileged countries is to a significant extent explained by an excess of early and toxic deaths. Obviously experience, centralisation, training and facilities for supportive care are very important, as well as an awareness of these events. [17] [18] [19] An important goal of this project was subgroup analyses. The incidence of the subgroups does not seem to be very different among the study groups, except for acute promyelocytic leukemia (APL, AML FAB type M3) and Down's syndrome. In contrast to ALL, there are currently no identifiable subgroups with a realistic chance of EFS of more than 80-90%, which even seems true for APL and for myeloid leukemia of Down's syndrome. Subgroups that are considered good-risk, especially t(8;21) and inv (16) , have probabilities of 5-year EFS of 80% or less. In fact, patients with t(8;21) do not have such an excellent prognosis as sometimes assumed, with probabilities of 5-year EFS below 50% reported by several groups.
5,7,9,14 Some striking differences in prognosis of subgroups occur, such as for t(9;11): 5-year EFS rates range from 18 to 77%, 8, 12 for inv(16): 5-year EFS rates ranging from 41 to 80%, 3, 14 and for white blood cell count above 100 Â 10 9 /l: 5-year EFS rates ranging from 17% to 61%. 5, 13 Careful comparison of each group's treatment schedules might suggest explanations for these differences in prognosis of subgroups.
What are the future directions and perspectives? Pediatric AML is a complex and life-threatening disease, and optimal facilities are required for its diagnosis, treatment and follow-up. Thus, centralisation of the management of these patients in wellequiped pediatric oncology center is required. The matter of debate is whether young adults should be treated within the setting of pediatric oncology centers, on pediatric protocols. There is data to suggest that indeed the prognosis may be better under such conditions. Besides morphology, and recognizing the limitations in less-privileged countries, facilities nowadays should include immunophenotyping with a broad panel of antibodies, karyotyping and molecular biological techniques such as FISH and PCR. Optimal treatment implies access to all antileukemic and supportive care drugs. Given the intensity of treatment and its side effects, easy access to a pediatric intensive care unit is equally crucial. Finally, pediatric AML protocols should also include monitoring of quality of life and late effects, which is not routinely being done yet. A well-equipped center also implies well-trained personal. Fortunately, at several meetings and by several organisations educational courses are being offered. All of this is important to accomplish both more efficacious treatment as well as less toxic deaths.
Topics of debate are the need for allogeneic SCT in AML, the required dose of anthracyclines, and the use of low vs high-dose cytarabine. Most if not all groups now seem to agree that lower risk AML subgroups such as myeloid leukemia of Down's syndrome, and patients with APL, inv(16) or t(8;21) are not candidates for allogeneic SCT. However, the percentage of the other patients considered eligible for allogeneic SCT differs significantly among the groups. An exchange of views and facts has been provided recently. [20] [21] [22] Looking at overall outcome, the frequent use of allogeneic (and autologous) SCT as such does not translate into a better outcome than reported by groups which apply SCT in a minority of patients ( Table 2) . Dosing of anthracyclines is another interesting subject, further complicated by the use of different drugs than daunorubicin or doxorubicin, such as idarubicin, mitoxantrone and since recently liposomal daunorubicin. A careful look of the cumulative doses of these drugs applied by the different study groups shows that doses above 375 mg/m 2 do not necessarily translate into better outcome, while the risk of cardiotoxicity does increase. On the other hand, groups that applied little anthracyclines and/or at a modest intensity during induction chemotherapy seem to report lower probabilities of EFS. However, how much anthracyclines is needed and when and how they should be applied is still unknown, as is the usefulness of individualising these drugs. Regarding cytarabine, different schedules are also being used, including lower and high-doses, with significant differences in cumulative doses (Table 2) . High-dose cytarabine is likely to contribute to CNS-prophylaxis, and more importantly, some patients may need higher-dose cytarabine to overcome certain resistance mechanisms. It will be a challenge to individualise cytarabine-dosing in the future.
An important issue that the pediatric community should tackle is a consensus on definitions of diagnosis, response criteria, treatment outcomes and reporting standards for therapeutic trials, specific for the pediatric population. 23, 24 This may seem less important, but is essential for actual collaboration. These definitions should be renewed in this era of very intensive chemotherapy and the fact that often bone marrow regeneration is not awaited before proceeding to another course of chemotherapy or transplantation. Conventional definitions of complete remission, requiring both neutrophil and platelet recovery, are less useful nowadays. 23 CR definition by morphology alone lacks sensitivity, and minimal residual disease (MRD) monitoring most likely will provide the opportunity to monitor treatment response more precisely. The clinical relevance of MRD monitoring in pediatric AML still has to be established, but it is anticipated that better risk-group stratification can be achieved based on MRD monitoring. 25, 26 Subgroup-identification and subsequent subgroup-specific treatment is a major issue. 27 Several subgroups have already been well-defined, as can also be seen in the papers in this Leukemia issue. At least some groups observed that patients with myeloid leukemia of Down's syndrome, APL and inv(16) do relatively well, although not perfect yet. Similarly, some patients do worse, such as those with complex karyotypic abnormalities and a poor initial response to chemotherapy. However, we are far from a black-and-white discrimination, and therefore novel subgroups should be identified. Since usually these groups are small, this is another area in which collaboration is very useful. Several collaborations in pediatric ALL and the recent intergroup effort to analyse AML patients with monosomy 7 and 7q-is a good example that this can be done successfully (Hasle et al. Blood 2004; 104: abstract). Molecular biological techniques have already identified subgroups, such as patients with activating receptor kinase mutations, 28 and patients with specific gene expression profiles. 29 However, overall survival will probably only improve to a significant extent if we can introduce subgroup-specific treatment. Exciting innovative therapies are emerging, such as monoclonal antibody mediated treatment and tyrosine kinase inhibitors. 30 In order to demonstrate the value of new therapies an international collaboration is a prerequisite, because of the small numbers and the already high survival probability of about 60% nowadays. Indeed, the participation of more than 10 groups worldwide in an ongoing intergroup randomised phase III study in relapsed AML that now accrued more than 300 children illustrates that this is feasible.
Of course, the typical example in AML illustrating that subgroup-directed treatment can be very successful is the treatment of APL with all-trans retinoic acid and more recently with arsenic trioxide, in combination with chemotherapy. 31 Why could we not develop similarly successful targeted treatment for other subgroups? There is at least one disadvantage when developing subgroup-directed therapy. The classical randomised trials in larger groups of patients will become impossible, at least in children in whom this disease is relatively rare. This problem is nicely illustrated by the limited number of randomised trials in pediatric AML, even without significant subgroup-directed therapy. Solving this problem by participating in adult-driven trials seems potentially disadvantageous. Children are not small adults, because they have different pharmacokinetics, different toxicity profiles and because the incidence of specific subtypes of AML (eg, Flt3-internal tandem duplications) differs from that in adults. As it is doubtful that results mainly obtained in adult populations can be extrapolated to the pediatric population, more extensive intergroup collaborations in pediatric AML are warranted. Adding up the annual numbers of newly diagnosed pediatric AML among the groups that participated in this 'spotlights' certainly indicates that there are enough new cases potentially. Many successful trials in children and adolescents with AML have been completed by several national groups, as illustrated in this special issue of Leukemia. International collaboration focussed on more targeted and tailored therapy, aiming at the cure of more children with AML with less side-effects, is the next challenge.
